A r t i c le a b s t r a c t -W e reviewed the clinical histories, operative results, and neuropathologic findings o f 23 consecutive p a t ie n t s w h o had heart transplants. Prolonged preoperative hypotension and failure o f cerebral autoregulation o f blood flow, fo llo w e d by postoperative elevation o f blood pressure beyond the limits o f cerebral autoregulation, may account for the high incidence o f neurologic com p lica tion s (70% ); 60% were vascular. Im m unosuppressive therapy may have been responsible for the high incidence (20% ) o f opportu n istic intracranial infections. L ym phoproliferative disorders occurred in three patients (13% ). Y 1986;36:1149-1154 Neuropathology of heart transplantation: 23 cases T o analyze com plications, clinicians and p a thologists have focused attention on the heart itself, but other organs are also affected, especially the brain .1' Hotson and P ed ley 1 found that neurologic com p lica tions were the prim ary cause o f death in on e-fifth o f the cases. W e have studied 23 consecutive patients.
The 5-vear survival rate o f heart transplantation is 50%.
T o analyze com plications, clinicians and p a thologists have focused attention on the heart itself, but other organs are also affected, especially the brain .1' Hotson and P ed ley 1 found that neurologic com p lica tions were the prim ary cause o f death in on e-fifth o f the cases. W e have studied 23 consecutive patients.
M a t e r ia ls a n d m ethods. W e reviewed 13 men (56% ) and 10 w om en (44% ) with a mean age o f 36 years (range, 16 to 53). O rth otopic heart transplants were perform ed between July 1981 and June 1985, under m oderate (28 °C) hypotherm ia and cardiopulm onary by-pass. In that time, 155 heart transplants were perform ed at Pres byterian-U niversity H ospital (P U H ); on June 30,1985, 101 patients were still alive (65% ). M yocardial p rotec tion was done with topical cooling and hypotherm ic (4 °C) cardioplegia. T h e perfusion pressure was m ain tained at a 50-to 80-m m Hg level during the cross clamp period, w hich averaged 65 minutes (range, 38 to 114). M ean pum p tim e was 125 minutes (range, 81 to 270). P roph ylactic antibiotics were used in all cases and continued for 4 postoperative days. The im m unosup pressive p rotocol consisted o f cyclosporin -A (C yA ) ad ministered at an initial dose o f 17.5 m g/kg before the transplant, and then the dose was adjusted to maintain w hole-blood levels o f between 800 and 1,000 ng/m l (ra dioim m unoassay). M eth ylpredn isolone (1 g IV ) was given before the patient was taken o ff the bypass, and Continued with 200 m g/d o f prednisone on PO D 1, tapering down to 20 m g/d by PO D 10. For C yA nephro toxicity, the dose was lowered, and azathioprine was given. E n d om y oca rd ia l-biop sy -p rov en rejection was treated with bolus o f m ethylprednisolone (1 g /d x3 IV), and rabbit antithym ocyte globulin (100 m g /d x3 IM ) Was given if rejection persisted.
In all 23 cases, the brain and spinal cord wjere studied macro-and m icroscopically after 10% formaldehyde fixation for at least 14 days. H istologic sections o f the C N S from different areas including the pituitary gland were studied with hem atoxylin and eosin (H -E ) and other special stains when indicated.
R e s u lt s . C ereb rov a scu la r com p lica tion s. N o neuropathologic lesions were found in four cases (17%). M ost cerebral lesions were vascular (60% ) or infectious (20% ) (table 1). In six cases (26% ), lesions were considred secondary to circulatory collapse (postoperative h y p o ten sion , decreased cardiac ou tpu t, or increased peripheral vascular resistance). Vascular lesions (throm bosis, embolism , old or re cent infarcts, and recent hemorrhages) were found in 10 cases (43% ). Persistent cardiac rejection was present throughout the clinical course in case 4. Rejection was not observed in case 19 because he died 15 hours after transplantation. N either patient had clin ical m an ifestations o f the cerebral lesions. Infarct o f the adeno hypophysis and isch em ic-a n ox ic neuronal changes were found in case 4. Recent hemorrhage and infarct o f the right parietal lobe with platelet throm bi and isch em ic-anoxic changes were found in case 19 . Case 4 died o f an acute myocardial infarct, and case 19 died because o f acute right heart failure and shock.
Case 2 died 20 days after the transplant. O btunda tion. right hemiplegia, and seizures began 10 days before the heart transplant, and an old infarct o f the right thalamus and a recent infarct o f the left putamen were found (figure 1). Lam inar cortical necrosis was also found on the occipital cortices. Case 3 had been on aortic balloon counterpulsation before the heart trans plant. She developed throm bosis o f the aortic arch and descending aorta, wh ich was unnoticed during the cross clamping. In the immediate postoperative period, em boli lodged in the right femoral artery, which was rep v the D e p a r t m e n t o f C a r d io t h o r a c i c S u r g e r y (D r. M o n t e r o ) a n d D iv i s io n o f N e u r o p a t h o lo g y ( D r M a r t in e z ) . P r e s b y t e r i a n -L n i v e r s it y H o s p it a l. P it t s b u r g h . P A .
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T a b l e 1 . N e u r o p a t h o l o g i c f i n d in g s in h e a r t t r a n s p l a n t a t i o n naoved. and in the left carotid artery, which was responsible for a right hemiplegia and seizures. The cerebral hemispheres showed left parietal hem orrhagic infarct • figure 2 ) and other infarcts in the right occipital cortex. In cases 1, 10, 16, and 22, there was siderosis o f the P'tuitary gland, probably due to numerous blood trans fusions. O btundation was noted in cases 2, 8, 11, 13, 14 and 1C. Case 21 had small subarachnoid and a focal, subdural hem orrhage and two episodes o f cardiac rejec tion. Seizures were present in nine cases (39% ) and transitory aphasia in one (case 20). Case 22 was a 17-year-old girl with a type II-familial hyper cholesterolem ia. For coronary and valve disease, she had three open-heart procedures: mitral and aortic valve replacement, left ventricular outflow tract en largement, and replacement o f the prosthetic aortic valve that became infected. After severe dyspnea and refractory congestive heart failure, she was considered for a com bined heart/liver transplant. Fem orocaval venous bypass and aortic return was used, and in a 10-hour flawless operation she received both organs. In the next 48 hours she was treated for mediastinal bleeding, cardiac tam ponade, and abdominal com pression that was relieved by partial hepatectom y. Eventually both organs had to be replaced again for continuing lowcardiac output and liver damage, but she could not be weaned from bypass and she died 1 day after surgery. M ultiple recent infarcts o f the right frontal cerebral cortex, diffuse ischem ic-anoxic neuronal changes, and siderosis o f the n eu roh yp oph ysis were found. C ir culatory collapse was thought to be the main cause o f neurologic sym ptom s in six patients (26% ).
CN S infections. System ic cytom egalovirus (C M V ) infection occurred in one case (no. 10), but without cerebral lesions. Diagnosis was based on serologic stud ies and culture. The findings included old infarcts in the temporal and insular cortices, astrocvtosis, and chronic " subsiding' " leptom eningitis. N o phagocytic nodules or inclusion bodies were seen. The infection occurred 112 days after the transplant, at which time there was also a Candida sp pneum onia. Neurologically, he had frontal headache and tremor, progressing to seizures and coma. Moved, and in the left carotid artery, w hich was respon sible for a right hem iplegia and seizures. T h e cerebral hemispheres show ed left parietal hem orrhagic infarct (figure 2) and other infarcts in the right occipital cortex.
In cases 1, 10, 16, and 22, there was siderosis o f the Pituitary gland, probably due to numerous blood trans fixions. O btundation was noted in cases 2, 8, 11, 13, 14 and 16. Case 21 had small subarachnoid and a focal, subdural hem orrhage and tw o episodes o f cardiac rejec tion. Seizures were present in nine cases (39% ) and transitory aphasia in one (case 20). Case 22 was a 17-year-old girl with a type II-familial hyper cholesterolem ia. For coronary and valve disease, she had three open-heart procedures: mitral and aortic valve replacement, left ventricular outflow tract en largement, and replacem ent o f the prosthetic aortic valve that became infected. After severe dyspnea and refractory congestive heart failure, she was considered for a com bin ed heart/liver transplant. Fem orocaval venous bypass and aortic return was used, and in a 10-hour flawless operation she received both organs. In the next 48 hours she was treated for mediastinal bleeding, cardiac tamponade, and abdominal com pression that was relieved by partial hepatectom y. Eventually both organs had to be replaced again for continuing low cardiac output and liver damage, but she could not be weaned from bypass and she died 1 day after surgery. M ultiple recent infarcts o f the right frontal cerebral cortex, diffuse ischem ic-anoxic neuronal changes, and siderosis o f the neu roh yp oph ysis were found. C ir culatory collapse was thought to be the main cause o f neurologic sym ptom s in six patients (26% ).
CN S infections. System ic cytom egalovirus (C M V ) infection occurred in one case (no. 10), but without cerebral lesions. Diagnosis was based on serologic stud ies and culture. T h e findings included old infarcts in the temporal and insular cortices, astrocytosis, and chronic " subsiding" leptom eningitis. N o phagocytic nodules or inclusion bodies were seen. The infection occurred 112 days after the transplant, at which time there was also a Candida sp pneum onia. N eurologically, he had frontal headache and tremor, progressing to seizures and coma. Fungal organism s were isolated in the lung, but not in the brain.
A spergillus infection was recognized in two cases, nos. 13 and 18 (table 2), both dissem inated from a pul m onary focus. A large area o f hem orrhagic encephalom alacia was present in case 13 (figure 3). Case 18 show ed severe cerebral edema and, in both cases, the fungi cou ld be identified surrounding blood vessel walls, protruding into the lumen and causing throm bosis. T he inflam m atory response was m inimal. Alzheim er type II astrocytosis was also present in case 18 .
Toxoplasm a gondii encephalitis was found in two cases (nos. 5 and 9). In case 5, the protozoa were found 28 days after the heart transplant (figure 4). Neurologically, the infection was silent. Cardiac rejection was treated on three occasions. D iagnosis was estab lished by the im m unofluorescence antibody technique. D eath occurred 12 days later. C T showed no lesions, and C SF was normal. Postm ortem exam ination disclosed the typical Toxoplasm a pseudocysts and tachyzoites
F igure 2. H em orrhagic infarct on the subcortical white m a tter o f the left p arietal lobe. T h ere are also small cortical infarcts on the right calcarine and occipital co rtices (case 3).
(figure 4) intra-and extracellularly. A recent infarct of the adenohypophysis and numerous phagocytic nodules and a ch rom oph obic m icroadenom a o f the hypophysis were also present in case 5. T he m yocardium showed toxoplasm ic m yocarditis. T his probably preceded the C N S infection. In case 9, both Toxoplasma gondii and Candida spp were present in C N S tissue.
N o C N S lym phom a was encountered. There were three patients with system ic lym phoproliferative disor ders (two w ith lym p h om a and one w ith lympho-Jg proliferative pneum onitis).
D iscussion.
T h e neuropathologic findings o f these cases were similar to those that follow renal transplan-1 tation.': Hypertension and encephalopathy are rare in heart transplant recipients. However, there are usually transient and immediate postoperative hypertensive episodes in cardiac transplant patients. Vascular le -1 sions are probably due to surgery, rejection, or im m u n o-i su p pression ,1 or secondary to hypoperfusion or low cardiac output.
The high incidence o f vascular com plications (60% ) j suggests that chronic preoperative hypotension, fol-J lowed by changes in the hem odynam ics o f blood flow and possibly a short period o f postoperative, transient hypertension, impedes cerebral autoregulation. These factors probably acted in com bination with low -vis-l cosity o f the blood, insensitivity o f atrial and a ortic! receptors, and possible ischem ic-anoxic damage to the ! neurons during the cardiopulm onary bypass. T his in -i duces moderately elevated blood pressure that exceeded the threshold o f cerebral auto regulation, and resulted in i vascular com plications (hemorrhages, infarcts, throm -rj bosis, and em bolism ).
T he high incidence o f opportunistic infection (20% )| was attributed to depressed im m une sta tu s."12 A$-$: pergillus infection was found in two cases, both after pulmonary' infection. C N S aspergillosis is suspected when there are cerebral sym ptom s in a patient with known pulmonary lesions. C T may reveal the cerebral lesion, but findings are ususally nonspecific, and it must be repeated frequently to disclose variation in size. CSF T able 2 . In fection o f central n ervous system in card ia c transplant recipients
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D is s e m in a t e d in t r a v a s c u la r c o a g u la t io n s y n d r o m e .
Fungal organism s were isolated in the lung, but not in the brain.
A spergillus infection was recognized in tw o cases, nos. 13 and 18 (table 2), both disseminated from a pul m onary focus. A large area o f hem orrhagic encephalom alacia was present in case 13 (figure 3). Case 18 showed severe cerebral edema and, in both cases, the fungi could be identified surrounding blood vessel walls, protruding into the lumen and causing throm bosis. The inflam m atory response was minimal. Alzheim er type II astrocytosis was also present in case 18 .
Toxoplasm a gondii encephalitis was found in two cases (nos. 5 and 9). In case 5, the protozoa were found 28 days after the heart transplant ( figure 4) . N eurologically, the infection was silent. Cardiac rejection was treated on three occasions. Diagnosis was estab lished b y the im m unofluorescence antibody technique. Death occurred 12 days later. C T showed no lesions, and C SF was normal. P ostm ortem exam ination disclosed the typical Toxoplasm a pseudocysts and tachyzoites
F igu re 2. H em orrhagic infarct on the subcortical w hite m a tter o f the left p a rieta l lobe. T h ere are also small cortical infarcts on the right calcarine and occipital co rtices (case 3).
(figure 4) intra-and extracellularly. A recent infarct of the adenohypophysis and numerous phagocytic nodules and a ch rom oph obic m icroadenom a o f the hypophysis were also present in case 5. The m yocardium showed toxoplasm ic m yocarditis. This probably preceded the C N S infection. In case 9, both Toxoplasma gondii and Candida spp were present in CN S tissue.
N o CN S lym phom a was encountered. There were three patients with system ic lym phoproliferative disor ders (tw o w ith lym p h om a and one w ith ly m p h o proliferative pneum onitis).
D iscussion.
T h e neuropathologic findings o f these cases were similar to those that follow renal transplan tation.'5 H ypertension and encephalopathy are rare in heart transplant recipients. However, there are usually transient and immediate postoperative hypertensive episodes in cardiac transplant patients. Vascular le sions are probably due to surgery, rejection, or im m uno suppression,3 or secondary to hypoperfusion or low cardiac output.
The high incidence o f vascular com plications (60%) suggests that chronic preoperative hypotension, fol lowed by changes in the hem odynam ics o f blood flow and possibly a short period o f postoperative, transient hypertension, impedes cerebral autoregulation. These factors probably acted in com bination with low-viscosity o f the blood, insensitivity o f atrial and aortic receptors, and possible ischem ic-anoxic damage to the neurons during the cardiopulm onary bypass. T h is in duces moderately elevated blood pressure that exceeded the threshold o f cerebral autoregulation, and resulted in vascular com plications (hemorrhages, infarcts, throm bosis, and em bolism ).
The high incidence o f opportunistic infection (20%) was attributed to depressed immune status.712 ,4s-pergillus infection was found in tw o cases, both after pulm onary infection. C N S aspergillosis is suspected when there are cerebral sym ptom s in a patient with known pulm onary lesions. C T may reveal the cerebral lesion, but findings are ususally nonspecific, and it must be repeated frequently to disclose variation in size. CSF T able 2. In fection o f cen tral n ervous system in ca rd ia c transplant recipients Aspergillus. Epstein-Barr virus (E B V ), and C M V were all involved in one patient (table 2) . Im m unosup pression in heart transplant recipients may result not only in a higher susceptibility to opportunistic in fec tions but also in an enhanced risk for neoplasms. T his is a consequence o f decreased antibody form ation by se lective killing o f lym phocytes and reduction in the num ber o f germinal centers in lymph nodes and spleen. Inflammatory response as well as delayed hypersen sitivity and interferon production is also suppressed by azathioprine and steroids. Steroids also depress the b a cte ricid a l a c tio n o f n eu trop h ils, alveolar m a c rophages, and m onocytes; antithym ocyte globulins, whether equine-or rabbit-derived, have a deleterious effect on T -cell lym phocytes and reticuloendothelial system .10" CyA is a nephrotoxic agent18 and has a positive effect on suppressor T cells, inhibiting the in duction o f cytotoxic cells and decreasing the humoral response to cell proliferation. 19 The opportunistic in fec tions often accom pany rejection when im m unosup pression is m axim al. 711121819 T h e risk o f neoplasms in im m unocom prom ised hosts is between 2 and 10%.20 Lym phom as constitute m ost o f these lym phoproliferative disorders. W e encountered three cases with lym phoproliferative disorders without CN S involvem ent (13% ). 4-20--' N eurologic sym ptom s affected 70% o f our patients. Vascular lesions (60% ) and infections (20% ) were most frequent. Infective organisms were those o f usually low pathogenicity. Clinicians m ust be alert when mild m en tal im pairment appears in the immediate postoperative period, or when unexplained personality changes occur later. Infection must be considered even in the absence o f fever or CSF abnorm alities and appropriate search should be instituted urgently, because prognosis is poor once the C N S is involved, especially by Aspergillus. Aggressive treatm ent o f pulmonary infections must be carried out expeditiously, for they usually herald CNS infection. IF A T must be done routinely to rule out Toxoplasma infection, and Gram 's stain and india ink preparation may also be useful. Low cardiac output states should be corrected urgently. Care must be taken with sym ptom s o f so-called " metabolic encephalopa th y" or " ICU neurosis," w hich may disguise an underly ing infection. 
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